Thiarubrine A, thiarubrine A epoxide, thiarubrine A diol, and their precursor pentayneene were produced by hairy roots of Ambrosia maritima. The molluscicidal activity of the lipophilic extract of the hairy roots and isolated polyacetylenes were investigated. The activity was studied against Schistosome intermediate host Biomphalaria glabrata. Thiarubrine A diol, the main form detected in the medium, showed the highest activity with LC50 = 0.37 ppm. This activity is 23 times higher than that of ambrosin, a sesquiterpene lactone that has long been regarded as the main molluscicidal agent of the plant. Thiarubrine A diol can be an environmentally accepted molluscicidal agent in areas endemic with schistosomiasis.
We have previously reported [4] the isolation and identification of thiarubrine A, thiarubrine A epoxide, thiarubrine A diol, and their precursor pentayneene ( Figure 1 ) from the cultured hairy roots of A. maritima. These polyacetylenes were produced in similar amounts to that produced by plant roots by eliciting the hairy roots at day 13 of the culture period with 40 µM methyl jasmonate for 72 hr. Thiarubrine A diol was the main form secreted by the roots into the media. Polyacetylenes have shown toxicity against a wide range of organisms including bacteria [5, 6] , fungi [7, 8] , viruses [9] , insects [10, 11] , nematodes [12] and mammals [13] . The mode of action of thiarubrines is believed to be through production of DNA-cleaving reactive oxygen species [14] . Molluscicidal activity of polyacetylenes against the water snail Biomphalaria glabrata was reported for falcarindiol, 1-hydroxymethylfalcarindiol, and 1-acetoxymethylfalcarindiol isolated from the leaves of Cussonia barteri [15] . In this report, the molluscicidal activity of the lipophilic extract and polyacetylenes obtained from the hairy roots of A. maritima was investigated. The yield of polyacetylenes produced by the hairy roots of A. maritima was maximized using an elicitation approach [4] . Elicitation is a common approach to increase yields of secondary metabolites in plant tissue culture. Hairy root culture is a renewable and stable source to obtain important secondary metabolites. Polyacetylene content was higher in hairy roots after elicitation with methyl jasmonate than plant roots as shown in figure 2 . A polyacetylene-rich extract was prepared from the elicited hairy roots and tested for molluscicidal activity. The extract was analyzed for its polyacetylene content. Polyacetylenes were present in the extract in the following percentages: pentayeneene 3.3%, thiarubrine A 2.6%, thiarubrine A epoxide 1.0%, and thiarubrine A diol 0.2%.
Molluscicidal activity of the extract of methyl jasmonate-elicited hairy roots was evaluated according to WHO guidelines [16] . The chloroform extract was dissolved in DMSO and assayed against B. glabrata at concentrations between 25-2000 ppm.
The results (Table 1) show that the chloroform extract was potent enough at 50 ppm killing 100% of the snails tested after 5 days. The delayed action may be attributed to the high lipophilicity of the polyacetylenes contained in the extract that needs long time to reach lethal concentration at the snail site. Higher concentrations of the extract achieved the same result in a shorter period; 200 ppm of the extract killed 100% of the snails tested in 3 days. Ambrosin, a sesquiterpene lactone isolated from the aerial part of the plant, has long been considered as the active molluscicidal agent in A. maritima [17] . Molluscicidal activity of polyacetylenes, isolated from hairy roots, as well as ambrosin, isolated from the aerial part of the plant, was evaluated (Table 2) . In preliminary examination, the polyacetylenes and ambrosin were found to be lethal to the snails at a concentration of 25 ppm. Ambrosin and pentayneene did not show any activity at 5 ppm. Thiarubrine A showed higher activity than pentayneene with an LC 50 of 2.64 ppm. The epoxide and the diol of Polyacetylenes are normally stored in canals or ducts in plant tissues [4, 17] . Thiarubrine A diol was the only form of polyacetylenes detected in the media around the cultured roots [4] . Thiarubrine A diol can be a typical allelochemical. These are compounds emitted from plants by volatilization, exudation from roots, or leaching by rain. By exudation from the roots, thiarubrine A diol can affect organisms including snails living in aquatic environments around the plant. Thiarubrine A diol can be a candidate molluscicide of plant origin to control snail populations in areas endemic with schistosomiasis all over the world. This research work provides a use of plant tissue culture techniques to study environmental relations between species.
Experimental

Materials and methods:
Silica gel (Wakogel C200) was used for column chromatography. HPLC was carried out with a Shimadzu liquid chromatgraph equipped with 2 LC-10AD pumps, SPD-M10AVP photodiode array and RID 10A refractive index detectors, de-gasser DGU-12A, μBONDASPHERE 5 μ C8 100Å (19 x 100 mm) column (Waters) for preparative chromatography and Inertsil ODS-3.5 μ (4.6 x 250 mm) column for analytical purposes. The analysis was made from the standard curve prepared from the isolated compounds. All procedures were done in dim light to prevent the photo-conversion of thiarubrines.
Establishment of the hairy root culture and isolation of polyacetylenes:
Hairy roots of A. maritima were initiated and from which polyacetylenes were purified and identified as previously described [4] .
Extraction of Ambrosia maritima Hairy Roots:
Hairy roots (863.8 g F. Wt., 58.9 g D. Wt.) of A. maritima were homogenized in CHCl 3 (x2). The Chloroform extract was evaporated (2.1g) and the dried extract was analyzed for polyacetylene content.
The extract was dissolved in DMSO and applied to the snails in different concentrations (25 to 2000 ppm).
Analysis of Polyacetylenes in the Extract:
An aliquot of the extract was dissolved in MeOH. The
MeOH solution was filtered using Advantec no. 2 filter papers, then the volume was made to 5 mL. An aliquot of 10 µl of the MeOH solution was injected into the HPLC under the analytical conditions. Polyacetylenes were quantified at 480 nm using peak area by comparison to a calibration curve derived from the isolated compounds. The temperature was maintained at 40ºC. The flow rate was 1 mL min -1 . Isocratic elution with H 2 O:MeOH (20:80) afforded the following retention times for the different polyacetylenes: thiarubrine A diol 7.2 min, thiarubrine A epoxide 17.7 min, thiarubrine A 34.8 min, and pentayneene 42.9 min.
Molluscicidal Assay: The molluscicidal assay was performed on Biomphalaria glabrata maintained in the laboratory of the Department of Parasitology, National Institute of Infectious Diseases, Tokyo. Molluscicidal activity was evaluated according to the established procedures [16] . Five young mature snails (8.5 -10.5 mm in diameter) were placed in a plastic dish, containing 200 mL molluscicide suspension at concentrations ranging from 0.125 to 2000 ppm. Each test concentration was set in triplicate. After exposure, the snails were washed in distilled water and their shells were crushed for examination. Visual observation, using a microscope, was performed to determine whether the snail was alive or dead. Snails were considered dead if they either remained motionless or did not respond to external stimuli.
Isolation and Identification of Ambrosin:
The airdried aerial parts of A. maritima (840 g D. Wt.) were purchased from a local drug market in Egypt. The material was homogenized in MeOH (x2). The MeOH extract was evaporated and then partitioned between aqueous and organic phases (CHCl 3 ). The organic phase was evaporated to dryness (66.7 g). This extract was loaded on 100 g silica gel. The silica-loaded extract was subjected to silica gel column chromatography and eluted with CH 2 Cl 2 /MeOH mixtures of increasing polarity (1-8% MeOH) to give twenty 250 mL fractions. The fractions were monitored by TLC using a standard sample of ambrosin. Fraction 12 (2.3 g) was further chromatographed on a second silica gel column using hexane/EtOAc mixtures of increasing polarity (30-70% EtOAc) to give twenty-five fractions. Fraction 20 was further purified by HPLC yielding 44 mg pure ambrosin that was confirmed by comparison with an authentic sample. HPLC was carried out with a Shimadzu liquid chromatograph equipped with 2 LC-10 AD pumps, SPD-M10AVP photo-diode array and RID 10A refractive index detectors, de-gasser DGU-12A, µBONDA-SPHERE 5 µ C8-100 Å (19 x 150 mm) column (Waters) for preparative chromatography. The mixture H 2 O:MeOH (40:60) was used as mobile phase at 4 mL min -1 .
